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ABSTRACT 


A static power converter is proposed using power 
transistors. The converter is potentially suitable for the 
speed control of a dc motor and static variable dc power supply 
as well.Oonsiderable siirplification has resuLted by the use of 
power transistors since no coirmutationi circuitry is required. 
Equal pulsewidth modulation(SPWM) control technique is enployed 
for the static converter. The external performance characteris- 
tics of a three-phase ac~dc SPWH power transistor converter 
controlled separately excited dc motor are obtained for different 
speeds and modialating indexes without the filter in the input 
side of converter circuit. As the separately excited dc motors 
with the armature voltage control provide a constant torque 
operation the external performance characteristics are also 
obtained for this mode of operation. The effect of filters in 
the input side of the converter circuit is studied. 

The power transistor converter has been built and 
the analytical results have been verified experimentally. The 
EPWM control has been inplenented using a siixple analog firing 
scheme. Eighteen pulses per half-cycle of the supply voltage 
have been selected since a band of lower order harmonics are 



considerably reduced. The analysis of the supply current 
reveals that the predominant harmonic is seventeen times 
the supply frequency. This has a beneficial effect on the 
size of the input filter. The speed torque characteristics 
cire obtained ej^erimen tally. The theoretical and ejqperi— 
mental results are in good agreement. Experimental oscillo- 
grams of t3^ical variables of the power transistor converter- 
motor system are illustrated to veri:^ the basic principles 
of operation. The converter may find application in 
industrial drives errploying dc motors and also in statia 
variable dc power supplies. 



CHAPTER 1 


INTRODUCTION 


In industrial applications, variable speed drives 
play an iirportant role and for which control of power input 
or output is required. By virtue of controlled converter, the 
control of power input or outp^ut can be achieved. In early 
sixties, variable speed drives using dc motors were commonly 
and extensively used in industry because of their versatile 
speed- torque characteristics. It is well known that s^arately 
excited dc motors provide constant torque by armature voltage 
control xpjto the rated ^eed and constant nDwer output by field 
control beyond the rated i^eed. Thus large range of speed 
control Can be achieved both below and above the rated speed 
of dc motor. 


All these factors motivated research in variable 
speed dc drives employing several schemes of controlling output 
power. Many schemes of controlling output power have been 
developed for speed control of dc motors, of all s\ich schemes, 
three phase ac-dc pulse modulated converter provided versatile 
characteristics. With the rapid development of semiconductor 
devices, cheaper and better devices are being made avail dsle 
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XjJce povirer trans±stors and MOSFET*S« These power de\cices axe 
fast, switching devices* The converter circuit as well as the 
control circuit is being siirplified because these power 
devices do not require any cornrnutating circuitry. Keeping in 
view of these developments^ the study of three phase ac— dc 
equal pul.se width modulated power transistor conveirter fed 
separately exxjited dc shunt motor drive was taken 153 . In equal 
pulse width modulation technique/ eighteen pulses per half 
cycle of si:ppl.y voltage was taken rqp. It is a variable voltage 
drive/ with output voltage being controlled by switching 
technique within the converter itself. This makes the firing 
circuit of the converter quite slitple. This converter is 
fabricated and tested on a separately excited dc shunt motor* 

A detail performance analysis of three phase ac-dc equal pulse 
width modiolated power transistor converter fed separately 
■excited du shunt motor with as well as without filter taken 
into account in -the input side of the converter was done and 
csonpared with the experimental results. 

Section 1*1 deals with •the content)? of the thesis 
work chapterwise. 

1.1 ORGANIZATION OF THESIS 

cajjil^'fcer 2 . contains a brief literature survey on 
PWM schemes/ different kinds of modulating techniques and 
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their iiiplementations and calculation of firing angles and 
extinction angles. Chapter 3 deals with the detailed des- 
cription of converter with firing circuity snubber circuit, 
isolated power supply design and the basic principle of 
op eration. Chapter 4 deals with the performance analysis, 
results, discussions and illustrations of oscillograms of 
the converter fed separately excited dc shunt motor drive. 
Chapter 5 deals with some sort of paper work on closed loop 
control of converter with resistive load. Chapter 6 deals 
with the conclusion of work and fuirther scope of work in- 


future 



CHAPTER. 2 


LITERATURE REVIEW 


2,1 IN-mODUCTION 

A dc machine is basically a variable ^eed machine, 
with versatile speed-torque characteristics. The voltage across 
the armature terminals is controlled for j^eeds below the 
rated speed keeping the field flux at the rated value while for 
speeds beyond the rated speed, the field flux is reduced. The 
highest speed attainable by field fl\ax control is limited 
owing to commutation problems as commutator sparicing and oonse- 
quent limitations on the life of brushes and commutators. 

Aithogh dc machines are costilier, need reguLar maintenance 
due to the presence of brushes and commutators yet the cost 
of the controller for a dc drive is lesser than that of an ac 
drive and the speed control is far more simple than that of 
an ac drive. 

In late 1940 and early 1950, electronic control brought 
about a significant improvement in dc drive system limited to 
low power ratings. With the rapid developmait of power semi- 
conductor switches, there has been a significant improvement 
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in the development of a power modulation for the do drive 
systems. The power converter enploying phase delay angle control 
technique for converting alternating voltage to direct voltage 
has been well established. In phase angle controlled converters, 
.the ac voltage is switched on at delayed phase angles to obtain 
reduced dc output voltage. The main drawbacks associated with 
such converters are t poor supply power factor at large phase 
angle delays; generation of significant amount of lower order 
harmonics currents in the ac supply line; ripple in the output 
current. Such converters are siirple, less expesive, reliable 
and do not require any external commutating circuitry. Although 
semiconverters or half controlled converters provide better 
power factor than full converters yet the inprovement is only 
marginal. Thus the operation wLtli poor power factor is a major 
concern in variable speed drives and also in high power appli- 
cations, In order to improve the power factor and supply wave- 
forms, various methods have been reported in the literature [ l 3 - 
[ 3]] , All these schemes are based on line commutation which 
require special types of control strategies. The converters 
eirploying forced comimitation have been developed to improve 
the power factor and simply current waveform. Schemes with 
one forced commutation as well as several forced conmutataons 
per half cycle have been reported in the literature, Exanples 
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of the former schemes are the welltoown symmetrical angle and 
extinction angle control schemes. The symmetrical angle control 
scheme provides tmity di placement factor while the extinction 
angle control scheme can make the displ acement factor leading. 
The leading power factor may not be desirable in systems with 
high source inductance. The forced commutation based on multi— 
p\alse control has several beneficial effects over a single pulse 
control [4] ,[ 5 ] , Some of these are : the harmonic spectrum 
in the supply current shifts from lower to higher order making 
the supply current almost sinusoidal; the output current 
becomes quite smooth. 

In order to keep the displacement factor at unity^ 
the supply voltage is svritched symmetrically with respect to 
the peak of the supply voltage. Such a control technique is 
defined as the pulse width modulation (PWM) , Whenever a 
reference signal is coitpared with a carrier signal to generate 
firing pulses to thyristors in the converter, the ratio of the 
peak arrplitude of reference wave to the peak amplitude of 
mod-ulating wave is termed as modulating index *m‘. The carrier 
signal is usually a triangular wave while the modiilating signal 
can be of different wave shapes • Thus there are various modula- 
tion schemes depending \apon the v^aveform of the modulating 
signal. Fig, 2,1 illustrates different pxilse width modulation 
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schames. The output ourrent and voltage waveforms depend on 
the type of modiilation technique adopted, A conparative study 
of different modxxlation schemes has been reported on the basis 
of their external performances with R-L load [ 6 ] . It has been 
shown [63 t, [lo] that the inverted sine modulation as shown 
in Fig. 2,1 (e) offers minimum ripple in the output G\arrent, 
minimum fundamental output voltage harmonics and maximum range 
of continuous conduction compared to other modulation schemes. 

In all modulation schemes, the output voltage range is limited 
except in the equal pulse width modulation (EPWM) where the 
output voltage variation is from zero to cent percent. Among 
all PWM techniques, the EPWM provides the maximum output voltage 
and offers better distortion factor without affecting the other 
performances significantly. Therefore the equal pulse width 
modulation technique (EPWM) as shown in Pig, 2,1 liT anployed 
for the converter proposed in this thesis. 

The PWM techniques mentioned in the foregoing 
paragraphs arc potentially suitable for the raodeasn single phase 
AC traction where dc motors of large horsepower rating are, 
supplied from single-phase AC supply systems via thyristorised 
converters. The inp roved performance is highly desirable in 
such applications. These techniques can also be applied to 
thyristorised dc drives used in various industries. Three-phase 
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converters are invariably used for medium and l.arge power 
ratings. Since the conventional phase control technique 
deteriorates the performance, alternative control techniques 
are being actively considered for inproving the perfomance 
[l] - [ 3 ] , These require special transformers but are still 
based on line commutation. The performance is also not Imp- 
roved significantly. For an improved performance, the forced 
commutation employing one of the PWl control technique is ^ 
must. There are a nxomber of ways in which the forced commu- 
tation can be implemented [ 12 ] , A systematic study has been 
made in the configuration of ac-dc converters employing forced 
commutation [ 1 3] , A detailed study showing the supply per- 

formance and the load performance of an ac-dc converter— fed 
dc motor drive with SPWM control [l4] , The converter circuit 
require some additional investment since it contains a few 
additional components in comparision with a line commutated 
three phase bridge converter. Because of forced commutation, 
the converter circuit ■undergoes several topological modes. 

The converter circuit if configured by power transistors or 
MOSFETS is greatly simplified. In. fact such converters because 
of -their fast response are presently becoming a serious 
challenge to thyristor converters for ou-^ut power rating 
up to 10-20 KW but where the power rating is more than 20KJf 
thyristor converters are still preferred. 
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The advantages of power transistors and MOSFSTS 
over thyristors are as follows s 

i-) Power transistors and MOSPETS can be turned *on* 

and ‘off* by the control of base and gate current# 

ii) These devices can be operated at higher frequencies* 

and 

The disadvantages of power transistors / mos PETS over 
thyristors are : 

i) During on state# they have low transient overload 
capacity* 

ii) The power dissipation capacity is low# 

iii) At the present time, the rating is low# 

iv) Their cost is higher and they are delicate to 
handle. 

The power MOSPETS are ideal switches characterized 
by very high gain and extremely fast switching characteristics 
[8] , The presence of self capacitances in the device are 
nonlinear function of applied voltage and to some extent drain 
dxarrent. Under transient conditions# charging and discharging 
current flowing through those self capacitive elements makes 
the analysis of its characteristics during its operation more 
Gonplex, Generally for convenience, these internal capaciti^ 
elements are assiimed not to affect the transfer characteristics 
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between the gate voltage and the external drain current. 

Another reason is that users have rather an inconplete \inder— 
standing of the MOSFET switching because these devices are 
still relatively new and the MOSFET circuit design Iciow— how 
has not yet ittatured. 

The objective is to study performance of a three-phase 
ac-dc converter using power transistors as switching elements, 
build the converter and veri:^ its performance experimentally 
as well as theoretically with a separately excited dc shunt 
motor load. The effect of filters on the supply harmonic 
current is also studied, 

2,2 CALCULATION OF FIRING AND EXTINCTION ANGLE s 

As shown in Fig, 2,1a, the triangular signal v has 
been conpared with a dc signal The frequency of the 

triangiolar wave is 2p times the svpply frequency, p being the 
number of pulses per half cycle. The modulating index is 



3*sare considered as the firing and extinction angle 
respectively , 


12 


The firing angles c^s and extinction angles 
are obtained by solving equations 2,1 and 2,2, 




( 2 , 1 ) 


V (B, ) - V (S, ) = 0 •. (2, 

From equations 2,1 and 2,2^ the firing angles and extinction 
angles in EPWM scheme are 


_ 7T (2k - 1 -» m) 

" 2p 


.. (2.3) 


and Sic = 

Where K = 1, 2, 3, , p and o^g, are in radians, 

2.3 CONCLUSION 

The qperation of ac-dc power transistor converter, 
selection procedure for power transistors, design and fabri- 
cation of power circuit, firing circuit, snubber circuit, 
driver circuit and isolated dc power supplies are described 
in Chapter 3, 



CHAPTER 3 


AC-JX3 POWER TRANSISTOR C0NVERTER-J40T0R SYSTEM EMPLOYING 

EQUAL PULSE WIDTH MODULATION CONTROL TECHNIQUE 

3*1 INTRODUCTION 

In -this chapter, a sirrple three phase ac-dc conver- 
ter circuit using power transistors is studied with a motor 
load. The converter eitploys EPWM control technique since it 
provides majcimxim output voltage besides inproving other input 
and output performances. The corrplete ac-dc converter— motor 
system is described* The converter circuit configiiratioiTi is 
given explaining the function of different elements that 
constitute the converter. The control circuit which produces 
the desired pulses for different power transistors is explained. 
The details of snubber circuit design, driver circuit and 
isolated dc power supply which are built in the 1 Moratory 
are also included. 

3.2 AC-DC POt^R TRANSISTOR CONVERTER 

The three phase ac-dc converter circuit using power 
transistors and suitable for irrplementing EPWM control 
technique is shown in Pig. 3.1. are power transistors 
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which operate either in ^saturation mode or cut off mode d^ending 
upon whether base pulses are present or not. The necessary 
pulses conforming to EPWM control technique are generated in 
a control circuit. In the presence of diode power 

transistors do not experience any negative voltage of the 
supply which is undesirable in practice. T^ and T^ are 

turned on and off several times in each cycle of supply voltage^ 
while T 2 / and Tg are given 120*^ continuous pulses during 
the positive half of the respective supply voltage only. The 
EPWl''! control technique enploys eighteen pulses par half-cycle 
of each phase of the supply voltage. Each transistor conducts 
for 120^ interval of supply voltage and at any instant two 
transistors one in the top group and the other in the bottom 
group conduct irtpressing appropriate line voltage across the 
output terminals. For exanple, if T^ and Tg conduct along with 
the diodes and Dg, the line voltage is inpressed across 
the output terminals. The pairs of transistors that conduct 
are ^ 1 ^ 2 ' ^2^3' respective 

voltages are v^, v^^., Vg^, v^^, v^.^, v^g. During the interval 
when the power source is switched off from the output terminals, 
the diode jpWD conducts providing freewheeling path for the 


load c-urrent 
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3.3 ANALOG FIRING SCHEME 

The block diagram of the analog firing scheme for a 
three phase ac-dc converter suitable for any number of pulses 
per half cycle of the supply phase voltage is shown in Fig, 

3, 2 (a). The firing circuit is designed for eighteen pulses per 
half cycle of supply phase voltage. The digital chip layout 
diagram is shown in Pig. 3, 2(b). 

In this section, the hardware realisation for the 
generation of switching pulses for transistors T^ and T^ is 
described. Switching pulses for other pairs of transistors 
T^ and Tg, T 2 and Tg are generated in the similar manner. 

A synchronizing signal is obtained by stepping down 
the phase A voltage from 230V, 50Hz to 6V-0V-6V, 50Hz with 
the help of a single-phase transformer having 230V/6V-0V-6V, 

1 Anp , 50Hz rating. The se,*ondaryr>u±put -of the single-phase 
transformer having the signal across 6V-0V terminal is taken 
as the synchronising signal (s). The signal S is transfortted 
into a square wave by a zero crossing detector using an opera- 
tional airplifier. The square wave XJ is taken as the reference 
signal for the phase locked loop (PLL) using the chip, 

GD4046, The PLL in its feedback path (Kl) has a *devide by 
2p ' using two counters namely 7492 having a maximum coxmt of 






3*Um} mm ujmm mn ] 
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12 and 74C93 having a maximum coxant. of 16, where p is the nuiriber 
of pulses per half of the si: 5 )ply phase voltage. The signal 
Kl is passed through a negative zero crossing detector using 
jLtA741 chip to obtain a + 2,5V swing of a square wave having 
frequency equal to 2p times that of the s3mGhronising 

frequency. The signal is now integrated using an active 

device (jUA741 chip) to obtain a triangular wave having the 
swing + 2,0V, The signal 1 -^ is now anplified and level shifted 
(by adding + 2,0V with the help of lOK potentiometer) using 
jJA741 GlrLp to obtain a triangular wave H having amplitude OV 
and 5V, The signal H is now compared with a dc signal K2 using 
)LiA74l chip to obtain a sc[uare wave that is a train of square 
pulses. The dc signal K2 is varied from a 50BC potentiometer 
having smooth voltage variation ranging from 0 to -t- 5V in steps 
of 0,1V, As the signal K2 increases, the width of the square 
pxilse increases. The signal K2 is the modulating signal and 
the signal H is the carrier signal having constant frequency 
and amplitude. As the modulating signal K2 is varied, this in 
turn variea the modulation index rni;. 

The signal from the secondary output (6V-0V) terminals - 
is compared with a dc signal Ml using lOK pot, and negative 
half of the comparator output has been clipped using a diode 
in series with a resistance^ series to limit current through 
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the diode to obtain a 120° pulse U^. The signal L is anded- 
with to obtain a discrete square p uls e train M only during 
the 120° interval of the positive half of the phase A which 
is symmetrical about the positive half of phase A , The 
firing pulse so generated is applied to power transistor T^* 

The signal A^ from the secondary output of single 
phase transformer {0V-6V) terminals is compared with signal 
and the negative half of the comparator output have been 
clipped using a diode in series with a resistance to liimit the 
current through diode to obtain a 120° pulse R, This firing 
pulse generated is applied to power transistor T^, For the 
generation of firing pulses for other two pairs of transistors 
(T^# Tg and Tg/ '^2^' level shifting signal K2, signal I, 

signal is taken as the common signal but the synchronising 
signal for the generation of firing pulses for pair of transis- 
tors (T 3 / Tg) is drawn from phase B and that of pair (T^^T^) 
from phase C by stepping down as obtained for T^ transistors. 
The waveforms in each stage for the generation of control 
pulses for transistors T^ and T^ are shown in Fig, 3.2(c). 

Control pulses for transistors T^^ to Tg are shown in Fig.3.2(d). 
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3,4 SEIjBCTION of devices 

Baclit trcinsistx^r In ■fche 

converter _0(£ Sig, 3^ Is realized by a power darlington 
14110009, The internal circuit details of MJ10009 are shown 
in Fig, 3,3, The inaximuin current and voltage ratings of the 
device are 30A and 600V respectively. It has low base drive 
requirement because of darlington construction. In the jLntenral 
circuit of this pcswer transistor, the speed-up diode helps 
faster turn off and the fast recovery rectifier between 
collector and emitter can eliminate the need for an external 
diojde to clamp inductive loads. Rating of MJ10009 is given 

in Appendix B. 

3,5 SNUBBER CIRCUIT DESIGN 

While designing the snubber circuit for any power 
transistor, the specified operating area as well as the reveise 
bias safe operating area (RBSOA) during turn off time of power 
transistor should be taken into accoxint because the presence 
of invariable stray inductance in the circuit .pjcoduces an 
overshoot in the collector voltage, when the power transistor 
is being turned off* So the pxirpose of the snubber circuit 
is to restrict the operating point within this RBSOA, Fig, 

3,4 {^) shows the RBSOA of MJ10009 and Pig, 3,4 (b) shows the 
snubber circuit designed for power transistor MJl0009^ The 
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snubber circuit design [ll] is adopted with some modifica- 
tions, A Zener diode has been inserted between colLector and 
emitter in order to maintain the collector voltage within 
some safe value according to the specifications given for 
power transistor MJ10009* The value of snxibber capacitor is 
given by 


= Maximum collector current of MJ10009 = 30A 
V^, = Zener Voltage = 400V 
t^ - Minimum turn off time = l.Sjasec, 


^ _ 30 X 1.8 X lO"® _ ^ 1 

C — 0.1 IIF 


Here RC = Minimum on time 


As minimuim on tine = lO jiiSec, 


RC = lOjUsec, 


0,1 X 10 


= loo Q 


As the switching pul se frequency f ^ • 8 
Power loss in R is given by 

PR = i C 0.1 X 10"^ X (400)^ x 1.8 x 10^=14 watts. 

z z niax z 
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Designed values are R = lOO Q , 14 watts and C = 0,1 

3.6 DRIVSR CIRCUIT 

The firing pulses for transistors T^^ to as obtained 
from the control circuit do not fulfvil the requirements of base 
drive for the MJ10009 transistors. It is necessary to design 
the driver circuit for fulfilling the requiremoat of base drive 
for MJ10009 type transistors. The driver circuit is designed 
for a collector current of 10 Anps for which the ninimunr. h^^ is 
40 as shown in Fig, 3.5 [iS ] . The power transistors require a 
base drive of 250mA but with an overdrive factor of 2.4, a base 
drive of 600inA has been provided using the transistor SLlQO. 

With this overdriving of the base^ the operation of the 
transistor MJ10009 in the transient condition will be reliable 
and will reduce the steady state loss due to reduction in 
( sat) , In the oulqiut side, the push pxall configuration is 
given using SLlOO and SKlOO, The function of SLlOO and SKlOO 
is to keep thgm active during the on and off periods of MJ10CX39 
re^ectively. This helps in reducing the turn— off of transis- 
tor MJ10009, by removing the base stored charge. The capacitors 
across the collector of SLlOO and SKlOO improve the switching. 
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3.7 ISOLATED POVER SUPPLY 

Tile isolated dc power supply as shown in Fig, 3.6 for 
each driver circuit required for each power transistor has been 
designed for the converter circuit. The isolated de power, stapply 
ratings are + 6 Volts and 1 arrp each. It has been designed with 
a full wave diode bridge using IN4002 diode with capacitor 
filter. The coiiplete experimental setvp is shown in Fig. 3, 7, 

The rating of motor is given in Appendix A, 

3.8 CONCLUSION 

In the next chapter, the performance analysis and 
characteristics have been discussed for the three-phgfcse AC-DC 
power transistor converter fed separately excited dc motor 
drive. The performance is studied both with and without 


filters. 



CHAPTER 4 


STEADY STATE PERFORMANCE CHARACTERISTICS 

4.1 INTRODUCTION 

In this chapter^ the input and output characteris- 
tics of a three phase ac-dc power transistor converter controlled 
dc separately excited motor are throughly investigated with tlie 
motor running under notoring mode of operation. The supply 
performances consists of power factor, displacement factor, 
harmonic factor, distortion factor and svpply harmonic spectra, 
while the load performances are evaluated in terms of ripple 
factor and peak factor. These are determined for different 
speeds and modulating indexes and also for constant torque 
operation of the motor. The effect of input filter on the per- 
formance characteristics is investigated. The speed-torque 
characteristics are also illustrated. The discrepancies between 
the theoretical and essperimental results are alwo shown in 
this chapter, 

4.2 PERFORMANCE CgiARACTERISTICS WITHOUT INPUT FILTER 

Ih this section, the analysis of output voltage 
and steady state output current waveforms is presented and the 
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conj/eirter circuil:: is assumed to operate according to equal 
pulse width modulation technique. As the output voltage 
repeats after six pulses as shown in Fig, 4, 1(a)/ it is suffi- 
cient to consider the current waveform for any six pulses if 
steady state performance is being derived. As the mechanical 
time constant is much more higher than the electrical time 
constant of the motor armature circuit, the speed fluctuations 
\inder steady state can be 3 ncegl.ected, For a given value of 
inod\ilating index *in,’ switching on and off angles are corrputed 
as ejcplained in Chapter 2, 

The output voltage waveform v^ of the converter is 
shown in Fig, 4.1(a), The average value of output voltage 
will be 

71/2 Jl/2 

V s -i- / V do = - ^ €J 6 * E . Sin(0 + 7T-)dO 

dcr n/3 n ph. ' 6 

n/3 7 t/3 

As ^ph Sin (O + 7 t/ 6 ) 

q inr -0 7T/2 ' ^ 

'^dc. = — ^ Sin(O-if) dO = ^ Epj, ooscs^^f) 

7T/3 

- cos cos Og+^) -cos (ag-ji) 





.iiMiiniwiniinni^^ 








»i«. 4*1 (•) mvrmm imput ^I2L^*S™wm 
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So ±n a generalised, way we can write the average voltage as 
follows ; 



p/3 

fi [cosC/Sj^+TTg) - COS (a^ +g *)3 
i«l 


.. (4.1) 


where p, £L‘ s and ^‘s are the number of pulses per half cycle, 
switching on. angles and switching off angles respectively, 

o-'s and /3*s are being evaluated with the help of equations 2,3 
and 2,4 respectively discussed in Chapter 2, 

The relation between a's and p*s with time is as follows s- 

“i = ” > Pi = « tan+l 

where w = Angular frequency = 50 Hz; i = l,2, 6; 

n — 0,1,2, 

The e^qp res Sion 4.1 shows that the average output voltage depends 
on number of pulses per half cycle, switching on and off angles. 

Equation 2,3 and 2,4 shows that switching on and off angles 
depend on number of ptdses per half cycle p and mod-ulating 
index m. So it can be written, 

V, = f(p#<^#3) = 
ac 
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Ttie average output voltages V.modulating index m shows a linear 

s 

curve passing through origin. The theoretical relationship 
between output voltage and modulating index m is iaxiwell agraanent 
with the practical one. It is shown in Fig, 4,1 (b). The 
instantaneous output current is analysed and calculated over 
a period of 60*^ starting from t^^as shown in Fig, 4,1 (a). The 
60° span of time consists of six power intervals and six 
freewheeling intervals. Let the voltage applied across tte 
load dToring the interval t^ *■ ^2 ^ab* steady-state 

instantaneous output current at * ^13 denoted as 

^1*^2 '“"*'^13 ^®spectively. 

During the power interval# the governing instantaneous voltage 
equation is 




3o-7‘ 
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r> R 

So C,P, of differential eqaatioru will be - 5 ^ + ~ i * 0, 

dt L O 

Let i^ * K 


— K m So -K m + ~ K 

L 


— mt 


0 


nr. * As K 0 e“^^ ^ 0 ] 

* Ij 

-rVl -V(L/R) r 

Soi^Ke =Ke t Let 5 - "C = motor time constant 

So i * K e"^ Here K is the constant, being evaluated from 
o 

initial condition. 


P ,1 of differential equation will be 

P.I = 


1_ sin(wt4|.)] - 


(I) 




-I " 


D - R/L f[6 E , 

2 — t Sin(wt 4^) ] 


- i [1 + D. ‘ (f) 


-1 


r ^2 R 

”-7 


R 


P.I = -sfq, + 1) ]- 

-,W - 


E 

R 


«WL cos(wt + ^) + R Sin(wt +§')]-§ 

r‘^+w.‘^L 
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fe E 


p*.i = 




sin(wt + I" - <P) - I* ; 


where Z = \/r^ + ^ . /« _ j 


w-'L*' ; (P » tan~(fy) 


So instantaneous equation for the output current i^ v^ill be 

1 > K +*'^4^ sin (-.rt + I . ®) - I 

During the freewheeling interval the governing instaneous 
equation will be 
di 

E + L ^ + R i = 0 
at: o 

As- input supply is not connected to the output terminal 


„ . R ^ _ 

®° 3t- + L = 


£ =4. 


, E .R ^ , 


at =4. I ln[| + S e 


= -t 


At, t = 0 Let i * 


I (say) So ^ ln[ ^ ^ 


= O 


li - E , R -- 
C ^ ^ 1x1 L L ^ 


so £ in (| t I ip - in (| t I I) = - t 
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L 

R 


In 


E 

z 

E 

L 



i 


o 


I 


t 



t/x 


where ~ r 


I ^ I = 'I * I 


^ R J 

=s5> — 1 

L O 


^ i 

Ir O 


„ E E -t/x + a I e 

L L L 


-t/x 


|[ - l] + I I e-'^^ 


=Mo = I [ 


..( 4 . 2 ) 


During power interval instantaneous output current equation is 

SVs E , jr . E „ -t/x 

| E ^- — sin(wt + ?-‘P) - 


i = r, 

*0 Z 


Let at t « t_ # i — I 


if6 E 


sin(w 


E 

.|+Ka 
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t A t A BV 6 E , t A 

K = IoG ■’■r® - 2 ^ — sin(w f <3 ^ 


So i 


06 E 




sinCwt + §--9) + e 


-(t-tJA 


6 “ " “ R 

-(t-t )A Ve E, 


, _ -(t-t )A 

sin(w t + T - <P) e . ® 

Z O D 


f Ve E, 


“ Z 


rEii[ siii(wt + I - cp) - sin (w t^ + I - <P) e 


-(t-t )/ X 


] 


-(t-t )A -(t - t )A 

+ |[e ° ].l ^I„e 


( 4 . 3 ) 


Dijiring the power interval i.e. tj^S.t<t 2 


At the end of this interval i.e, at t = t 2 i ~ ^2 * 
According to ecjuation 4,3 


iVe E 


^2 “ 


^ m 

sin{wt 2 +!•-<?) - sin (wt^ ^ f 


,(t 2 -t^)A 


B 


- ^ [1 - e 


-(t 2 - t^)/i 


] + I. 




where Ij is taken as the current at t — 

06 E ^ „ 

Let us suppose A » ' ■ r^~~ l sin(wi^ + ^ — <P) 


s±n(wtj^ + g- ^ e 
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So 


X 2 * -A. *4“ X 0 




During the freewheeling internal i,e. t2 < t < "'^3 

At the end of this interval i,e, at t * t_ ; i * Iq 
According to equation 4,2 


E . -(t3-t2)/x 
^3 R 


- 1 ] + I2 e 


— (t^— 12) /t 


= I [e 3 2 . 1 ]+ e 


-(t2-.t^)A -.(t3-t2)A 


+ A e 


Let ^ [e 


-(t.-t )A ^ -(t -t2)A 

^ 3 2 .1 ] + A e 3 2 ^3 


So I2 = B + e 


•«(t2“tj^)/T 


During the power interval i.e t^ ^ h < ^4 


at the end of this interval i,e, at t — t^# i 
According to the equation 4,3 

I4 [sjji(wt^ + I - - sin(wt3 + I 


= ^ 4 ' 


- <P) e 


“* ( ) /t 


}4-Be 




-(V1^)/T 
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Let ns suppose first three terms in this equation is C 

-.(t^-t^)A 


So 


= C + e 


During freewheeling interval i,e. t^ < :t^ t^ 

At t = t^# i^ =“ So according equation 4,2 

— .(tg»*t^) /x 


Ic = ~ [ e 
5 R 


- 1]+C e — ® 


-(tg-t^)A 


Let us suppose first two terms is equal to D 

-(t5-t^)A 


So Ig =0 4* 6 


Similarway during power interval t.^ < t ^ ig 

At t = tg^ Iq = Ig# So according to the equation 4,3 


I^Vs E . — ■ TT *“ C ^ 

Ig « [ sin (vrtg ^ - 9) - sinCwtg + 2. _ (ji)e ] 


'5 ' 6 


- I [1 _ e 


_(tg-t^)A ■ _ -(tg-tg)A 




-(t -tjL)A 


Let us suppose first three terms in this equation is equal to F 

.(tg-t^>A 


So * F + e 
6 1 


During the freewheeling interval i,e, "tg < t ^ t^j^ 



42 


At t = t^ } According to the equation 4*2 

I, = |[ . 1] + P ^-(t,-t,)A ^ ^-(V^)A 


Let us suppose first two terms in this equation is equal to G 


So « G + e 


-(t^-t^)/T 


Similary/ During t^ < 


■ •'f'S n 71 ' -(t -1^)A 

Ig = — — sin(wtg + g- - P) - sin(wt^ + g — <P) e 


+ |[ 1 - ^ 


— (to— 1_) 

G e ■ > ^ e 


-(tg-t^)/T 


Let the first three terms in this equation is H 


So = H + I. e 

O •** 


During tg £ t < t^ 

-(t„-t„)A, 


.(tg-tg)A ^ _-(tg-tj^)A 


Ig =1 [ e 9 8 H]+H 3 “ “ H- I, e 


Let first two term in this equation is I 
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So 


= I + e 


-.(tg-t^)A 


^9 < t < t. 


10 


%{6 E 


^10 “ 


E 

[ sin - cp) -sinCwt- + ^ - 


-{t, -t )/t 

9) e 9 ] 


+I,e 




+ 


3 


Let first three terms in this equation is J 


1^0 = J t e 


^11 * R t ^ 


tlo ^ "t ^ "til 

(i- \ )/x -^^11 " )/T 

E r -^%1-^O^A^l + j e 11 e 


Lot the first two terms in this equation is M 


So 


= M + e 


*11 1 S <a2 
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^12 


— (t — t ) /t 

' z ^~^ sin(wt^2 + ^ - sin(wt^j^ + -• - ^P) e 12 11 


] 




Let US suppose first three terms in this equation is equal to N 


Then 


^12 “ N + e 




During the interval t ^2 — ^ - \3 

_(t, 3-tj^2)A , -(\3-*12>/^ , , 

^13 = I [ ® - 1] + N e + 11 ® 


Let us suppose 


E 

R 


-(%3-t 2^^ ' -I _ 

[e -^ -IJ+Ne 

-(%3-.t^)A 


and e 


= Q 


So 

Il3=^ + ^l° ^13 ^ 

As the current will repeat after 60 ° interval, so - I 



As the initial current has been e-staluated; so at any instant. 


the other initial currents like 1]^2 

evaluated. 

Thus tdje nature of the steady-state current wave 
form is obtained. 

After having the steady state output current waveform# 
the supply current waveform is being determined from the converter 
switching sequences as shown in Fig. 4,1 (a). The input current 
waveform then is fourier analysed to get different harmonic 
contents. Thus the performance characteristics are determined 
by varying the speed of motor in a suitable step but keeping the 
modulating index constant. In that way* a set of performance 
characteristics for different modulating index m is obtained. 

The performance characteristics and parameters are 
defined as follows s- 

Soeod Torque Characteristics : This characteristics shows the 
variation of motor speed with torque. So wo may call that 
this characteristic is a measure of the ^eed regulation of 
the drive. 
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Displacement, factxjr (DSPF) s Input current in any sort of 
converter scheme is not at all a pure sinvisoid. So it consists 
of fundamental as well as harmonics. The phase angle of the 
fundamental current with respect to sv5>plY voltage is defined as 
fundamental or displacement angle. Cosine of this displacement 
angle is defined as displacement factor. Thus 

••1 ^1 

DSPF = Cos (l 6 an“ (g-) where aj^/a2 i 

are the fourier coefficient of the input line current waveform. 


Distortion factor (DSTF) : Distortion factor measures the amount 
of ftindamantal current present in the nonsinusoidal input current 
with respect to the r,m,s, value of input current,. 

DSTF = Ij/ IciR 


whore 

I — ^ Input fundamental line current 

IF 

I„__— ♦ Input r.m.s, line current, 

CTxv 

Power Factor (PF) : It is a measure of the volt^ere requir- 

emont of the drive system. It is defined as the ratio of the 
mean input power to the r.m.s, output voltampcres. 


PF at Displacement factor x Distortion factor. 
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Harmonic Factor (HF) s The input current, being nonsinusoidal, 
con stains currents of harmonic frequencies. Harmonic factor 
is defined as measure of harmonics contents in the input supply 
current and shows a measure of the distortion of the input 
current, 

1 

Thus 2 

HP =[1 

CIR 


Ripple Factor (RIF) : It is a measure of the ripple contents 

in the output current waveform. 


Thus 


1 

I 

RIF = [ ^ 1 ] 

OCA 


where 

I-^o — ► output r.m.s. current, 
^OCA outpsefc average current. 


Peak Factor (PKF) s It is the ratio of the highest value of 
output ripple cuxrenfej’ to. .the lowest value of output ripple 
current in the output current wavefona (instantaneous steady 
state waveform). 
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Thus 


PKF 


^QGP 

^OCL 


where 

highest value of ripple current in the 
instantaneous output curren in the steady 
state, 

^OCL lowest value of ripple currant in the 

instantaneoiis output c\irrent waveform in the 
steady state. 


Fig,. 4,1 (c) shows the flow chart to determine 
these performance characteristic and performance parameters. 


In the next section^ the performance characteris- 
tics for motoring operation of the drive machine are explained. 


4,3 RESULTS AND DISCUSSIONS 

The theoretical as well as experimental perfor- 
mance characteristics have been explained and shown in this 
section. 


The speed-torque characteristics are shown in 
Pig, 4, 2 (a). The armature current is continuous because of 
very large number of pulses per half cycle in the equal pulse 






H2i»S 


! «■<)•• I 

5 Sp««4-^»0 P*’** I 




u«ln« 

■ •an* .♦'25. ■ 


liitiA «tttT« 
•0«0 


S-ptfS < «5* ' 


N| T«« 


I 



:s?4i. *•••'• “ i 


















51 


width niodulation technique adopted. The speed regulation is 
very good. 

Pig, 4,2^) Fig, 4,2(®) shows the variation .of 
displacement factor* harmonic factor* power factor* ripple 
factor* peak factor* distortortion factor w,r,t, speed for 
modulating index^ 0,1 — 0,9, The displacement fector is unity 
for all values of modulating index. 


For a given modulating index* power factor decreases 
as the speed of the motor increases but power factor increases 
with an increase in modulating index for a particular speed of 
the motor. 

The distortion factor for a given modulating index 

decreases as the speed of the motor increases but distortion factor 

increases with an increase in modiilating index for a particu l a r 

speed of the motor. But it has been fe)und that the variation olt 

nearly 

distortion factor w.r.t, ^eed for a given modulating index ia^sarr^ 
For a given modulating index, the harmonic factor 
increases as the speed of the motor increases but harmonic 
factor decreases with an increase in modulating index for a ' 

particular speed of the motor. But it has been found that for 
higher modulating index* harmonic factor is less for a particular 


speed of the motor. 
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For a given modulating index, peak factor increases 
with the increase in speed of the motor but for a pairticular 
speed, peak factor decreases with the increase of the modtilating 
index. In lower range of the speed of the motor, peak factor 
decreraenii with the increnjent of the modulating index is 
somewhat less but in the upper speed ranges of motor, peak 
factor decrement'- with the incremeBt of the modulating index 
is somewhat abrupt or large. 

For a given modulating index; ripple factor increase 
with the increase in speed of the motor but ripple factor 
decreases as the modulating index increases. In the lower 
range of speed of the motor, decrement of ripple factor with 
the increment of the modulating index is somewhat less but in 
the upper speed range of the motor, this variation is somewhat 
abrupt, 

4.4 PERFORMANCE CHARACTERISTICS UNIER CONSTANT TORQUE OPERATION: > 

Separately excited dc motors provide constant torque 
characteristics if the load current is maintadned constant and 
armature voltage is controlled. These performance characteris- 
tics are being studied xinder constant torque operation by 
digital simulation. In this study, the converter circuit is 
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assumed to operate with equal pulse— width modulation (EPWM) 
control technique. 

Fig, 4, 3(a) shows the flow chart to determine 
these performance characteristics under constant torque opera- 
tion of the separately excited motor, 

4., 5 RESULTS AND DISCUSSIONS UNDER COHSTAHT TORQUE OPBRATIOH 

In this section/ the performance parameter under cons- 
tant torque operation of the motor in -the iiKJtorlng mode have 
been diseuftsad. In what follows/ the performance parameters 

are presented for 100%, 75%/ 50% of the rated torque of the 
motor, ^ig, 4, 3(b) shows the variation of the performance 
parameters like displacement factor/ distortion factor/ pov/er 
factor/ harmonic factor/ peak factor/ ripple factor w,r.t speed 
variation of the motor for 100%, 75%, 50% of the rated torque 
of the motor under constant torque op eration of motor in the 
motoring mode , 

For a given torque, displacement factor is unity 
at any ^eed of the motor and it is also unity at any torque 
operation of the motor. 
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For any given torque, power factor increases as the 
speed of the raotor increases but xipto 60% rated speed of the 
motor, increment is much more than that of rest part of the 
speed attained by the motor, ^or a particular speed of the motor, 
power factor detoriates as the constant torque decreases. 

At any constant torque, the harmonic factor decreases 
as the speed increases but for a particular speed, harmonic 
factor increases as the constant torque decreases. 

For any given torque, npple factor mcreases upto 
50% rated speed attained by the motor but then decreases, as 
the speed next increase from 60% to 100% of the rated speed. 

But for a particular speed, ripple factor increases as the 
constant torque decreases* 

For a given constant torque, peak factor increases 
as the speed increases but it is limited upto 50% rated speed 
attained by the motor and in the later pairt, as the speed 
£y.rther increases, peak factor decreases. But for a parti- 
cular speed, peak factor increases as the constant torque 


decreases. 
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4.6 INPUT SUPPLY HARMONICS SPECTRA 

Pig. 4, 3(c) shows the arnplitude variations of 
dominant input supply current harmonics with ^speed variation 
as well as the constant torque variation of motor. Because 
of EPWM with eighteen number of pul^s per half cycle, the 
harmonic ^ectrum has shifted from lower order to higher order 
frequency conponents, Triplen harmonics are absent because 
of three phase configuration, The dominant harmonics are 
seventeenth and nineteenth, ^ince, there is halfwave symmetry 
in the input supply current, even harmonics are absent. At low 
speed 17th and l9th harmonics are quite significant but as the 
spaed increases, they decrese gradually. Other predominant 
harmonics in the order of their magnitude in the low frequency 
region are 5th, 7th, 11th, 13th, They are of low amplitude and 
their variations with speed and torque are quite insignificant. 
For a particular ^eed, the harmonics decreases slightly with 
an increase in load torque, The other higher order harmonics 
like 23rd, 25th are present but they are of low amplitude over 
the entire range of speed, 

4.7 PERFORMANCE CHARACTERISTICS WITH INPUT FILTER 

In the section 4,6, it has been found that only 
17th and l9th harmonics in the sxpply current are more pro- 
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minent in the low ^eed region but the other harmonics in the 
supply current are quite iffisignificant in the entire speed 
region. In order to inprove the perfonrance characteristics^ 
suppression of these 17th and l9th harmonics in the supply 
current is desired. An input filter can eliminate most of the 
harmonics currents from the supply line, thereby making the 
line current essentially sinusoidal. Thus a low pass filter 
of resonance pulsation Wr slightly less than the 17th harmonic 
frequency has been designed and put in the input side of the 
converter. This section has already received some attention 
as exemplified by refs, [ 9 ] and [ 16] , 

The input filter design and the performance analysis 
of converter-motor system with input filter presented in this 
section have been obtained with the assurrptions that : 

i) The input voltage of three phase ac-dc converter 
is pxirely sinusoidal, 

ii) The switching elements in this converter are 
ideal, 

iii) The input filter conponents are ideal, 

iv) The load current is ripple free. 
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Let Wr be the resonance pulsation of the input 
filter* is taken as 800 Hz, 

w = i C = 50/j.F 

VIF* 

L = — ^ — = 1 ^ H = 13mH 

W C (271x800) xSOxlO"* 
r 

So filter coiiponets are C = SOiUF and L = 13 rnH 

Pig, 4,4 shows the iitp roved performance characteris- 
tics like displacemaat factor, power factor, harmonic factor 
with input filter taken into account. These performance 
characteristics have been plotted against the p,u, speed of 
motor under constant torque operation of the motor. With 
input filter, the peak factor is unity becatgae ripple free 
load current aiid ripple factor is zero. Rating of L and c: 
are given iru Appendix B, 

4,8. EXPERIMENTAL OSCILLOGRAMS 

Experimental oscillograms are illustrated in Fig, 
4,5, Different waveforms like output voltage, output current, 
input voltage, input cvirrent, transistor base— collector 
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vol-tage and ernitter collector voltage are shown at 0,6 modu- 
lating index with the motor running at light as well as heavy 
lond. These oscillograms illustrate the basic principles of 
operation of the converter and veri:^ the working of the 


circuit, 
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CHAPTER 5 


CLOSED-LOOP VOLTAGE CONTROL OP THREE-PHASE 
AG-DC- CONVERTER 


5,1 INTRODUCTION 

The conveirters are widely used in many applica- 
tions where the output power control is required. The open- 
loop operation of converter may not be satisfactory in many 
applications, Howevor, if the application demands variable 
output voltage^ the firing angle is to be changed in order 
to achieve the desired output voltage. This can be achieved 
in a closed loop control system, A closed-loop control system 
generally has the advantage of greater accuracy, improved 
dynamic response and reduced, effects of disturbances beca\ase 
one of the primary- objectives of using feedback in the control i 
system is to reduce the sensitivity of the system to parameter 
variations. The parameters of the system may vary with age> 
with changing environment (e,g, , ambient taiperature) , etc. 
Conceptually, sensitivity is a measured of the effectiveness 
O-f feedback in reducing the influence of these variations on 
system performance. In the closed-loop control, the protectior 
of solid state devices must be ensured. 
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5*2 STATIC POwiBR SUPPLY 

The converters are widely used for precision 
control of the output power in many industrial applications. 
One of the primary methods of getting a variable converter 
output voltage is to incorporate closed-loop for the output 
current of the converter. This scheme is shown in Fig. 5.1. 
Where, I„ is used to set the reference output current of the 
converter. The signal representing the actual ouiput 
current of the converter is passed through a low pass filter, 
and is corrpared with the reference current. The error signal 
is fed to the current csontrolX-er v/hich is generally a PI 
controller because it provides zero steady state error for 
the output current. The output current is sensed by a 
current transducer. 

5 . 3 CLOSED-LOOP CONTROL OF THE OUTPUT CURRENT 

The output voltage is controlled through the out- 
put current control loop. The realisation of the closed-loop 
control system is discussed in the following sections, 

5,3,1 Cxirrent Sensor 

The output current control loop requires a signal 
which should be proportional to the output current of the 
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converter. The current is sensed by sensing a voltage signal 
across a small resistor connected in: series with the load. 

The signal is fed to an optoisolator stage as shown in. 

Pig, 5,2, This current signal drives the base of the tran- 
sistor is biased to operate in the switching mode 

using 10 K-ohms potentiometer. Thus, a current signal which 
is Gonpletely isolated and proportional to the load current 
from the power circuit is obtained, 

5.3,2 Oorrent C ontroller 

There are two common types of current controlLers 
used in practice s 

(i) Proportional (P) controller, 

(ii) Proportional plue integral (PI) controller. 

The proportional controller gives significant 
amount of steady state error because the output signal propor- 
tional to the actuating signal whereas PI controller gives 
zero steady state error because the output signal here is pro- 
portional to the actuating signal plviB integral to the 
actuating signal. Thus, a PI controller has been chosen for 
the output current control loop,. 



73 


5.3*3 F-irlnq Circui t. 

The analog firing circuit as discussed in 
Chapter 3 is used. The relationship between the average 
output voltage of the converter and the moduLation. index m is 
found to be linear. The average output voltage E^O-f the 
converter is given by 






TT 


nr 


where is the rms value of supply voltage per phase, 


V 


m = 


mm 


V 


cm 


where is the amplitude of the modulating signal and V 


cm 


is the anplitude of the carrier signal. 


As the amplitude of the carrier signal = 5 VoltSjf 


E 
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mm 
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5. 


Let 


3 fe E, 


K = 


5jt 

E_ = K 


ph 


« V 

C- mm 





i 
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5,4 DSSIGO^ OF CU RRE NT CQN I ROLI^R 

The block diagram of the current control loop 
with the PI controller is shovm in Pig. 5,3, The PI current 
controller logic circuit is shovna in Fig, 5,4, 


Here 


T = RC^ = 



The transfer function of the PI current controller is 

K^(l + St) 

— 

The loop gain function as shown in Pig, 5,3 is 




K It (1 -J- TS) 


Choosing t = 5 msec, for different values of it has been 
found that the current loop response will be fast for K ~ 2 


As C. is chosen to be 0,5 jiiF, R 


5 X lo"^' 
0,5 X lO"^ 


=10 K-ohms 


t 


In 

R„ = K^hm = 5 K-ohms. 


AS =* 2 



le 


For the ntaximum converter output current of AOA, is chosen 
to he 18 K-ohms considering the saturation voltage of the 
op erational anplifier configuring the PI controller* 

5,5 RSALISAIICN OF pB CLO SED-LO OP GOIJT ROL SGHSt/E 

Fig, 5,5 shows the logic circuit with which the 
closed— loop control can be achieved. In the closed-locp control 
system/- the voltage from potentiometer P represents the 
reference current (I^ of Fig, 5.5), The signal I^ represents 
a voltage proportional to the load current of the converter, 

A low pass active filter Q 2 eliminates the high frequency 
ripples in the load current i . A PI controller Q_ provide the 
gain and desired response. The zener diode is used to 
limite the output of to a predetermined irtaximum voltage. 

To limit the ciirrent through the zener diode a resistance 
having 1 K-ohm value is connected in series with the zener 
diode. The output voltage of is the control voltage E^ 
the-^CDiiverter, By cfaangireg this oontrol 'SROltag© the 
desired converter oxrtput voltage can be obtained!. 




CHAPTER 6 


CONCLUSION • 


6.1 CONCLUSION 

A siirplfi t±iree—phase ac-dc power transistor Gon~ 
verter is investigated in this thesis. The power transistor 
converter if properly designed and protected has an edge over 
the thyristor converter since it require no commutation 
circuitry. The EPWli with eighteen puXses par half-cycle of 
the supply voltage provides a smooth variation of the output 
voltage from zero percent to cent percent of the maximum 
output voltage. The e:cperimental study has revealed that the 
converter has provided satisfactory operation with R, R-L, 
dc motor loads, LC filter has been designed to reduce or 
eliminate the predominant xiarmonic in the supply system. 

The transistor converter improves input and ouiput performances, 
and has all the advantages associated with a thyristor converter 
[ 14 ] reported earlier. Since a power transistor is employed - 
as the basic building block in the converter, this has made 
it possible to extend the frequency of switching resulting in 
the output current which is almost ripple free. Also, the input 
current harmonic spectrumi has shifted frcam lower order to i 

the higher order (17th & l9th) because of the high frequency | 


( 

I 



of operation* The performance of the power transistor con- 
verter with regard to the output current is almost similar 

to that of an M-G set. The converter is quite suitcible not 
# 

only for the speed control of a dc motor but also for the 
variable dc po^^rer source. The power rating of the converter 
ho\7evar is limited depending xjpon the voltage and current 
ratings of the pov/er transistors commercially available at the 
present time, 

6 ,2. FURTHER SCOPE OF WORK 

The steady state and transient performance of an 
ac-dc power transistor converter fed do; series motor can be 
investigated. Both open-loop and closed loop stwdies-majp h& 


CEarried out. 
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APPENDIX A 


Details of dcj separately excited motor 

Rated Voltage 
Rated Current 
Rated Speed 
Armature Resistance 
Armature Inductance 
BaGk emf Constant 
Torque Constant 


\ised : 

220V 

5A 

1500 RPM 
4,78 ohms 
0.055 H- 
1.46 
1.46 
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APPENDIX 


Details of Gornponents uised in EPWM aci-dc converters : 

MJ10009 

Transistors ^CSV ” 20, = 30 A 

= 175 W, For resistive load- 
Delay time t^ = 0.25 jis&c 
Rise time t^ = 1.5 flsed 
Storage time t =2.0 Msec 
Fall time t^ = 0,6 ^sec. 

Diode 12SM15; 

Filtering inductance L ll,2mH, SWG16 iron cored 


Filtering Capacitance C. SOjaF, 450V 



